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Cellulose Nanofibers (CNFs) are used as additives in cement-based products to modify their 
properties. Recent studies about the effects of CNFs on cement paste showed inconsistent results for 
several different important properties, including compressive strength and free shrinkage. There is reason 
to believe that the unsystematic results of the compressive strengths were affected by the lack of uniform 
dispersion of CNFs. As a potential remedy, two different mixing methods were applied. The first method 
used a basic mixer, but aggregates were added to the cement paste mixture to improve the blending 
process. The second method utilized a high-speed shear mixer to blend the cement paste. To understand 
the effect of CNF on cement product’s properties, different tests were applied to the specimens. For the 
specimen mixtures that followed the first method, tests were run for workability, compressive strength 
and drying shrinkage. Each experiment consist of 24 batches. These batches were divided into three 
groups of different water to cement ratios of 0.4, 0.45, and 0.5. Each group has batches with four different 
CNF percentages of 0%, 0.05%, 0.1%, or 0.2%. All of these groups also include two cement to sand ratios 
of 0.5 or 1.  
The results from the compressive strength test showed a somewhat more systematic relationship 
with the CNF percentage than what was found in previous work with cement pastes. However, the trend 
shows a decrease in compressive strength when CNF concentration increases.  The workability of the 24 
 
 
batches were tested using the flow table test. The results showed a decrease of workability as the CNF 
percentages increased. An equivalent water-cement ratio was estimated based on the variations in 
workability. Free shrinkage results show a decrease in shrinkage over time but do not show a systematic 
pattern with the CNF percentage of the mixtures.   
For the second method, compressive strength was tested with the same water to cement ratio 
and CNF percentage used in the first method, but with no aggregates. The outcome of this compressive 
test showed a similar trend as the results of specimens blended with the same method. This finding also 
supports the hypothesis that aggregates were effective at improving the consistency of the mix. To test 
the effect of the high-speed shear mixer on the workability of cement paste, water to cement ratios of 
0.3, 0.35, and 0.4 were used with the same CNF percentages of 0%, 0.05%, 0.1%, 0.2%. The high-speed 
mixer resulted into a more workable mixtures which had a different texture in comparison to the mixtures 
blended with the basic mixer. 
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CHAPTER 1 
INTRODUCTION 
 
1.1.  Introduction 
The drive to improve the production and performance of Portland cement concrete has never 
been greater. Pressure to do so comes from several directions.  First, public funding of infrastructure is 
being stretched such that concrete materials and structures are expected to perform for progressively 
longer periods of service.  Second, the vast quantities of concrete produced annually are being recognized 
as being a significant source of CO2 globally.  Thus, there is an international effort to develop concrete 
materials that both last longer and have a lower carbon footprint. Among the areas being investigated is 
the use of cellulosic materials as a concrete additive. There is an increasing interest in Cellulosic additives 
including Cellulose Nanofibers (CNFs) because they are known to be environment friendly materials. 
Cellulosic materials represent a potential plant-based way to improve the performance of concrete. 
Cellulosic materials can be produced at a Nano scale, and have the potential to modify the reaction 
properties and the microstructure of Portland cement in a way that could lead to improved performance.  
1.2. Background 
1.2.1. Production and Morphology of Cellulose Nanofibers 
CNFs are derived from wood and are refined to a Nano level. The type of CNFs used in this project 
have a nominal fiber width of 50 nm and lengths of up to several hundred microns with the density of 1.0 
g/cm3 as aqueous gel [9]. Figure 1.1 shows the CNF used in this project. 
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Figure 1.1. Cellulose Nanofiber. Image of Cellulose Nanofiber used in the experiments.  
 
 
1.2.2. CNF Behavior as Additive in Cement Paste Products 
To understand the effect of CNF on cement particles, the chemical behavior of this additive has 
been studied. Research shows that hydroxyl and carboxyl groups are active groups of CNF [11]. Unpaired 
electrons of oxygen atoms in these groups react with calcium ions of cement and form a hydrophilic 
complex [11]. Experiments show that at early ages, fibers trap calcium on their surface [11]. Research on 
similar cellulosic fibers show that fibers absorb OH- ions. It is important to note that this absorption is not 
dependent on concentration of CA(OH)2 [16]. D. Sedan claims that increases in cellulosic fiber (hemp 
fiber) greater than 1% will increase the silicium of the matrix. Therefore, silicium is not the factor that is 
causing the mixture to form less CSH. This confirms that Ca2+ is the factor not available to react with 
silicium to form CSH [16]. 
Another way to understand the effect of CNF on cement products is by focusing on water 
transactions between them. One way to check this transaction is by using devices to calculate the heat 
flow rate [11]. Since there is enough water for hydration at early ages, hydration of cement’s exposed 
surface will have the most impact on heat flow [11]. In mixtures with lower water to cement ratio there 
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is low amounts and higher cement density in these mixtures causes difficulty for the water to access some 
parts of cement. When CNFs are added to the mixture, they absorb the water which will reduce the 
workability of the mixture [11]. Later, these fibers will release their water content and cause the 
anhydrate cement particles to cure as well [10]. This process, internal curing, will prolong the hydration 
process, which will result in delayed peak heat flow and increase of strength of cement products [10]. 
Studies on Cellulose nanocrystals explain a different water transaction between the material and the 
cement matrix. During the curing process, a shell of hydrated cement forms around the anhydrate cement 
particles and slows down the dispersion of water in cores of cement particles [10]. Cao explains that 
Cellulose nanocrystals stay on the surface of anhydrate cement particles and form a route for water to 
move past the hydrated cement [8]. This process will cause the anhydrate cements to cure as well [8]. 
This process is referred to as short-circuit diffusion (SCD). 
Water transaction is not the only outcome of CNFs. Research indicates that CNF tends to decrease 
the pore size of cement which increases the strength [10]. There are two types of porosity in cement-
based materials, capillary pores and gel pores. Capillary pores are absorbent spaces that are not related 
to hydration products [10]. Gel pores, calcium silicate hydrate (C-S-H), are related to hydration products 
[10]. With release of CNF contained water, more anhydrate cement particles will start reacting, which will 
reduce the pore size [11]. If CNF percentage increases, or they are not well-dispersed, it may have the 
opposite effect on porosity of the cement products [11]. When fibers release the water, they shrink to a 
smaller size [10]. This reduction will cause separation of the fiber and cement interface [10]. After 
releasing the water and gathering hydration product again, the interior of cellulose fibrils stiffens [17]. 
Researchers claim that if CNF percentage passes a certain point, CNFs tend to clump [11]. These 
clumps have a weak bonding interface, so it is more likely that stress would concentrate at these weak 
points [11]. One of the ways to avoid clumps of CNF, is to create a well-dispersed matrix. In this matrix, 
specific surface area will be higher. Roukaya Mejdoub stated that high specific surface area increases the 
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CNF-matrix interface, which improves the stress transfer between CNF and cement paste [14], [2]. This 
stress transfer by fiber- cement interface will increase the strength of the cement products [2], [14], [16]. 
Another method to increase the fiber- cement interface is by choosing a fiber with specific diameters and 
length to increase [13]. To have a high fiber-cement interface, this project uses a certain CNFs with small 
width, high length, and high specific surface (31-33 m2 /g) [9]. 
1.2.3. Prior Applications of CNF in Cement and Concrete 
Researchers studied the effect of CNF on cement paste products properties such as tensile 
strength, compressive strength, flexibility, shrinkage rate, and workability. CNF properties have a direct 
effect on cement-based materials. One of the recent research efforts was focused on the workability of 
cement paste after CNF was added to the mixture. In this research, Alyaseen added different percentage 
of CNF and tested each batch. Based on his research, the workability decreased as the CNF percentage 
increased [2]. Other research supported this result, including the research done by Ahmed. He explained 
that since CNF retains water, the workability of the mixture reduces. But, the portion of water absorbed 
by CNF was not detected [1]. 
Furthermore, Ahmed studied the effect of CNFs on autogenous shrinkage and drying shrinkage of 
cement paste. He mentions that with low CNF percentage with extra water in cement paste has decreased 
the autogenous shrinkage of the specimens. To calculate the drying shrinkage, free shrinkage test was 
used to understand the materials behavior. Based on his results, the mixture with water to cement ratio 
of 0.35 and low CNF percentages caused a reduction in drying shrinkage. But, other mixtures with different 
water to cement ratios did not share the same results. Ahmed describes that as the percentage of CNF in 
mixtures increases the number of voids filled with water increases. More water results in more 
evaporation of water, so the material will have more drying shrinkage [1].  
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Other studies focused on the effect of CNFs on the compressive strength of cement paste. In one 
of these studies, Kolour claims that for low percentage of CNF in cement paste with a water to cement 
ratio of 0.35 increased the compressive strength. But, other mixtures with different proportion of 
materials showed a lower and unsystematic compressive strengths. It was also mentioned that the 
compressive strength of the mixtures with CNF was less effected by the water to cement ratio compared 
to the mixtures without any CNF [12]. Research explained the reason for the reduction of compressive 
strength, which was due to increases in the CNF percentage. In one of these studies, the reason for the 
reduction of the compressive strength is mentioned to be the tendency of CNFs to cluster [11]. This 
agglomeration can be the cause of the unpredictable results as well.   
1.3. Objective  
The work described in this project contributes to current knowledge of cellulose nano materials 
in concrete. Specifically, this work seeks to test whether there is an improvement in the dispersion of the 
materials within the cement matrix due to the presence of aggregates in the concrete. Much of the 
previous work at UMaine in this area was with cement paste only. One of their clear messages was that 
CNF causes unsystematic results in compressive strength as CNF increases in the mixtures. There is reason 
to believe this problem is due to poor dispersion of CNF within the cement mixture. This work is intended 
to find a pattern for the compressive results by enforcing a better blend for CNF in the cement mixture. 
To have a better dispersion of CNF in the cement, mixture aggregates were added to cement paste 
mixture. Adding aggregates can result in a better distribution of CNF through the mixture. Hence, the 
tendency of agglomeration of CNF will decrease. To support this hypothesis, this study examines mortar 
properties such as workability, compressive strength, and unrestrained shrinkage. This work also 
estimates the water percentage absorbed by CNF in the mortar mixture by testing the mortars workability 
and analyzing the results. 
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CHAPTER 2 
MATERIALS AND METHOD 
 
2.1. The Objective 
 The three key concrete properties considered in this work were workability, compressive 
strength, and shrinkage. Workability indicates the ease in mixing, placing, and consolidating the concrete 
without a decrease in its consistency. Compressive strength shows the capacity of the concrete to resist 
compressive loads. Shrinkage in concrete is the reduction of the volume which can cause cracking, internal 
warping, and external deflection before the concrete is exposed to any loading. In this project, CNF was 
added to mortar to understand the effects of this material on mortar’s properties. This chapter presents 
different experiments to evaluate the key properties mentioned previously. These experiments can be 
divided into six different groups. Every group has one of the water to cement ratio of 0.4, 0.45, or 0.5 and 
a cement to sand ratio of 0.5 or 1. Each group has four different CNF concentration starting from 0% to 
0.2% of cement’s weight.    
2.2. Materials 
In this research, a total of 24 batches were tested. Properties of each batch can be found in Table 
A.1. As mentioned previously, there are six groups with different water to cement ratios, cement to sand 
ratios, and CNF percentages. The cement used in these experiments was QUIKRETE Portland Cement Type 
I/II with properties based on ASTM C-150 and Federal Specifications for Portland Cement [4]. The sand 
used was locally sourced with the specifications shown in the Table A.2, the image of the sand is shown 
in Figure 2.1. CNF applied in the experiments had a 3% concentration (weight of CNF in water) [9]. This 
CNF was produced by the Process Development Center (PDC) at the University of Maine. 
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Figure 2.1. Gradation. Graph of gradation using sieve analysis.  
 
Figure 2.2. Aggregates. Image of aggregates used in this project. 
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2.3. Specimen Preparation 
After weighing the sand and cement, water and CNF slurry were weighed in the same respect 
mentioned. This order of weighting materials is chosen to eliminate the evaporation of water; therefore, 
this sequence of mixing has been constant through all the experiments in this project. First, the water and 
CNF slurry were mixed for 3 minutes with the speed of 95 RPM. Next, sand was added to the mixture, 
followed by mixing for 2 minute with the speed of 60 RPM. After 15 seconds of scraping, the mixture was 
mixed for 4 minutes with the speed of 115 RPM. Cement was added to the mixture and been mixed for 2 
minutes with the speed of 60 RPM. After scraping for 15 seconds, the mixture was mixed for an extra 4 
minutes for 115 RPM. The order, speed and time intervals that the materials were mixed is shown in Table 
A.3.  
2.3.1. Casting of Free Shrinkage Specimens 
The free shrinkage test is one of the experiments used to examine the shrinking potential of 
cement products. In this method, the matrix is restrained with steel plates in three axial directions and is 
free in one direction. The molds that were used for the free shrinkage experiment were specified by ASTM 
C490/C490M – 17 [15]. Three specimens were casted for each batch. The studs suggested by ASTM 
C490/C490M − 17 were installed and one of the free shrinkage molds were placed on the vibration table. 
After turning the vibration table on, mortar was poured up to half of the mold using a scoop. The mold 
was left on the vibration table to vibrate for 15 to 20 seconds. Next, the second half of the mold was filled 
with mortar. This process was repeated for the second mold. After casting, the extra mortar was scraped 
off which left the molds with a smooth surface. The molds were then wrapped in a wrapping plastic at 
least five times in both directions of the mold as shown in the following Figure 2.3. Part of the mortar 
mixture made for this experiment was used for the Flow table test that took place simultaneously with 
the process of free shrinkage casting.  
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Figure 2.3. Free Shrinkage specimens. Image of sealed free shrinkage specimens. 
 
2.3.2. Casting of Compressive Strength Specimens 
For the compressive test, nine cylindric specimens were cast for each batch. As ASTM suggests, 
three specimens were casted for each seven day, 28 day, and 56 day time intervals [5]. For each batch, 
three cylindric molds were set on the vibration table at the same time, then the mortar was poured up to 
one-third of the mold using a scoop. Next, the molds were vibrated from 15 to 20 seconds. This process 
was repeated until each of the molds were filled. After scraping off the extra mortar and smoothing the 
surface, each mold was wrapped with plastic wrap and tape. Also, every three wrapped samples were 
covered by a resealable plastic bag, as shown in figure 2.4.  
Figure 2.4. Compressive strength specimens. Steps for sealing specimens for compressive strength test. 
  
A B 
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2.4. Workability 
The same method of mixing that was mentioned in Table A.3 was used for the workability test, 
and the proportion of each material in different batches can be found in Table A.1. After mixing all the 
required materials, the flow mold, shown in the Figure 2.5, was placed on the center of the dried flow 
table. After filling 25 mm of the flow mold, the mold was tamped 20 times with the tamper mentioned in 
ASTM C1437 – 15 [3]. The same procedure was repeated after the second half of the mold was filled. As 
the related ASTM code suggests, the extra mortar was cut off from top of the flow mold by a straightedge 
to smooth the surface of the mold. After cleaning the surface of the table, the mold was lifted upwards 
and away from the mortar. Immediately after, the flow table was dropped 25 times and four diameters 
of the mortar were measured using a ruler. 
Figure 2.5. Flow table test. A) Flow table test machine including the tamper. B) Flow table test with mortar. 
   
2.5. Shrinkage Test 
After 24 hours of curing in the wet room with the temperature of 75 ± 5°F and humidity over 95%, 
the specimens were demolded and sealed individually in the same manner mentioned before. To finish 
A B 
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the procedure, the specimens were placed in the wet room for the rest of their curing time while they 
were placed at least one inch apart. To test the specimens, the free shrinkage machine shown in Figure 
2.6 was zeroed while the reference bar was placed in the machine. Then, the reference bar was taken out 
and replaced with one of the specimens that was unsealed earlier. After rotating the specimen for 360 
degrees, the least measurement shown by the machine was recorded. The same procedure took place for 
each specimen. This measurement was taken after demolding the specimens immediately as well as 4 
days, 7 days, 14 days, and 28 days after demolding. 
Figure 2.6. Free Shrinkage machine. Image of free shrinkage machine used in the experiments. 
 
2.6. Compressive Strength Test 
After the specimens were cured in the wet room for 24 hours, they were demolded and sealed in 
the same manner that they were sealed before. Inspection showed extra air bubbles through the 
specimens with a water to cement ratio of 0.4 and cement to sand ratio of 0.5, as shown in the Figure 2.7.  
After resealing the specimens, they were set in the wet room for the rest of their curing time. After 7 days, 
28 days and 56 days, each specimen was placed on the center of the pressure plate, as shown in the Figure 
2.8. The pressure was increased with the rate between 90 lb./s to 130 lb./s until the specimen broke. The 
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peak pressure of each specimen and their type of failure, as specified in the ASTM C39/C39M − 18, were 
recorded [16]. 
Figure 2.7. Compression strength specimens. Image of specimens with extra air bubbles. 
 
Figure 2.8. Compression machine. A) Image of compression test machine. B) Image of broken sample 
under compression pressure. 
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CHAPTER 3 
RESULT AND DISCUSSION 
 
3.1 Result 
 3.1.1 Workability  
Figures 3.1 show the flow percentage with respect to the CNF percentage of the mortar mixtures. 
These graphs indicate a decrease in workability when CNF percentages increase. Also, the graphs show 
that higher cement to sand ratio results in more workable mixtures. The flow measurements, shown in 
the Table 3.1. were taken based on ASTM C1437 – 15 instructions [3]. Since the flow table was over flowed 
for mixtures with water to cement ratio of 0.5, cement to sand ratio of 1, and CNF percentage of 0, 0.05, 
or 0.1, the number of drops prior to the over flowing were recorded. The number of drops before the 
mixture covers the entire flow table and over flows is related to the workability of that mixture. As the 
workability decreases, the number of drops increases. As shown in the Figure 3.2., with the increase of 
CNF from 0% to 0.1% there is a major increase in number of drops, therefore a decrease in workability. 
This reduction is followed by a slight increase in workability when CNF percentages change from 0.05% to 
0.1%. Based on the Table 3.1. the workability continues to decrease when the CNF percentage changes to 
0.2%, since it does not over flow.  
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Figure 3.1. Example of flow percentage graphs. A) Graph of flow percentage for water to cement ratio of 
0.4 with the cement to sand ratio of 0.5. B) Graph of flow percentage for water to cement ratio of 0.4 with 
the cement to sand ratio of 1. 
   
 
Figure 3.2. Graph of flow table using number of drops. Graph of number of drops for water to cement 
ratio of 0.5 with the cement to sand ratio of 1. 
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3.1.2 Free Shrinkage 
ASTM   C490/C490M – 17 suggest using the Eq.1.  to calculate the length change of the specimens 
[6]. ∆L represents the percentage of change in length at x age, Lx is the comparator reading of specimen 
at x age minus comparator reading of reference bar at x age (mm), Li is the initial comparator reading of 
specimen minus comparator reading of reference bar (mm), and G is the nominal gauge length. 
 ∆𝐿 =
(𝐿𝑥−𝐿𝑖)
𝐺
× 100                                                                                                                                               Eq.3.1.2 
The following Figure 3.2. show the calculated changes in length with respect to the time period 
between of the day the measurements were taken and the demolding day. In these graphs, positive length 
change implies specimen has shrinked, while negative numbers show the expansion of the specimens. 
Based on Figure 3.2, free shrinkage or the rate of shrinkage decreases as the specimens age. This trend 
was not seen in all the specimens, some of these cases shows an increase of shrinkage as the specimens 
age. The results of these graphs display unsystematic results. 
Studies on the free shrinkage outcome resulted to the understanding of the time that CNF effects 
on the mixtures free shrinkage. Figure 3.3. compares the shrinkage of specimens with different 
concentrations of CNF in ages of 4 days, 7 days, 14 days, 28 days, and 56 days. As shown in the Figure 3.3, 
CNF does not have a major effect on the shrinkage before 14 days. After 14 days of curing the results are 
accidental. Some dosages of CNF show an increase in shrinkage while others show a reduction. The 
detailed measurements can be found in the Table A.5. 
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Figures 3.3. Example of free shrinkage graph with respect to age of specimens. This graph shows the 
change of length of the specimens based on aging specimens.  
 
Figure 3.4. Example of free shrinkage graph with respect to CNF percentage. This graph shows the change 
of length of the specimens based on CNF percentage. 
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3.1.3 Compressive Strength 
Figure 3.5 shows the compressive strength of the specimens with the respect to the CNF 
percentage of the mortar mixtures. The measurements and properties of the compressive strength 
specimens, shown in the Table A.6, Table A.7, and Table A.8. were taken based on instructions of ASTM 
C39/C39M – 18 [16]. 
3.1.3.1. The Relation between CNF and Compressive Strength 
Figure 3.5 shows an increase in compressive strength as the CNF percentage increases from 0% 
to 0.05% followed by an decrease of compressive strength as the CNF percentage increases from 0.05% 
to 0.2%. This general trend can be seen in all the graphs representing specimens with different ages, water 
to cement ratios, and cement to sand ratios. To test these trends a statistical analysis was done using 
ANOVA method with excel. Based on these analysis, compressive strength increases at 58.7 % confidence 
when CNF percentage changes from 0% to 0.05%. The compressive strength decreases with the 99.28% 
confidence as the CNF percentage changes from 0.05% to 0.2%.  
Figures 3.5. Example of compressive strength graphs with respect to CNF percentage. Graph of 7 days 
compressive strength for water to cement ratio of 0.5 with A) the cement to sand ratio of 0.5. B) the 
cement to sand ratio of 1. 
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3.1.3.2. The Relation between CNF, Compressive Strength, and the Mortar’s Age 
By studying the compressive strength of each specimens, it is understood that CNF increases the 
compressive strength for specimens with higher water to cement ratio, such as 0.5. as shown in Figure 
3.6. There are three factors. First, higher water to cement ratio in mixture resulted in the CNF to be more 
effective and increase the compressive strength as the specimens age. But this effect is not seen in all 
dosages of CNF, so the second factor is the percentage of CNF. The effect which was explained earlier can 
mostly be seen in specimens with 0.05% CNF, and this effect decreases as the CNF percentage rises. And 
the third factor is the specimen’s age. As the age increases, more specimens that have CNF in their mixture 
have higher compressive strength than specimens with 0% CNF. Also, as CNF percentage increases the 28-
day compressive strength increases with 98.9% confidence, while the 7 day and 56 day compressive 
strength reduces with the confidence of 68.14% as CNF increases.      
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Figure 3.6. Example of the 7 days compressive strength graphs with respect to W/C. This graph shows the 
compressive strength of specimens with different CNF percentage with respect to water to cement ratio. 
 
 
3.1.3.3.  The Relation between CNF, Compressive Strength, and the Aggregates 
Graphs shown in the Figure 3.5 and Figure B.4 show the difference between the compressive 
strength of the mixtures with the cement to sand ratio of 0.5 and 1. By comparing the graph with the 
cement to sand ratio of 0.5 with the graph with the cement to sand ratio of 1, it can be seen that the both 
mixtures have a similar pattern with the confidence of 63.05%. This pattern shows a reduction of the 
compressive strength when CNF percentage decreases.  
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3.1.3.4. The Relation between CNF, Compressive Strength, and the W/C 
Figure 3.6 and Figure B.7 shows the relationship between CNF and the water to cement ratio of 
the mixture. There is a different relation between W/C ratio and compressive strength as the age of the 
tested specimens change. In general, it was expected to find the compressive strength decrease as the 
water to cement ratio increases. However, in Figure 3.7, the results of 28 days showed that compressive 
strength increases with the confidence of 95.93% when water to cement ratio increases. However, other 
7 day and 56 day compressive strength decreases with the confidence of 72.85% as CNF increases. 
Figure 3.7. Example of the 28 days compressive strength graphs with respect to W/C. This graph shows 
the compressive strength of specimens with different CNF percentage with respect to water to cement 
ratio. 
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3.2. Discussion 
3.2.1. Workability 
The results of the flow table test as shown in the graphs indicate that by adding Cellulose 
Nanofibers to mortar the workability of the mixture decreases. Figure 3.1 shows that by changing the 
water to cement ratio from 0.4 to 0.5 the flow percentage for all the mixtures. Mortar with water to 
cement ratio of less than 0.4 has a very low workability that is not suitable for casting, as shown in Figure 
3.2. So, 0.4 was chosen to be the lowest water to cement ratio for this project. However, previous research 
indicates the reduction of workability as well, such as when Alyaseen decreased the water to cement ratio 
of cement paste lower than 0.4 [2]. Jiao explains that the reason for this reduction is because Cellulose 
Nanofibrils trap water within them. By this temporary entrapment of water, the ratio of water to cement 
ratio of the mixture decreases, therefore the workability of the mixture decreases as well [11]. 
This project estimates the amount of water that CNF retains using the graph shown in the Figure 3.8. This 
graph shows that mortar mixtures with different water to cement ratios have the same flow percentage. 
On the other hand, previous graphs presented a different result. They showed that with the reduction of 
water to cement ratio the flow percentage will decrease too. Therefore, the water to cement ratio after 
the entrapment of water by the Cellulose Nanofibers decreases and therefore the mixture has the lower 
flow percentage. By drawing a horizontal line through the graph in Figure 3.8, the amount of entrapment 
of water in Cellulose Nanofibers have calculated. The horizontal lines in the following figure that passes 
the data lines indicate that a certain flow percentage can be achieved with different water to cement ratio 
and different CNF percentage. For example, the mixture with a water to cement ratio of 0.475, a CNF 
percentage of 0.2 % and the mixture with water to cement ratio of 0.46 and CNF percentage of 0 % have 
the same flow percentage. To calculate the water entrapped the following calculation were used. 
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(
𝑊
𝑐
)
1
−(
𝑊
𝑐
)
2
(
𝑊
𝑐
)
1
× 100 =
0.473−0.455
0.473
× 100 = 3.8%                                                                                                Eq.3.2.1 
Figure 3.8. Graph of the flow percentage with respect to W/C. This figure shows the relation between flow 
percentage to water to cement ratio A) for mixtures with cement to sand ratio of 0.5. B) for mixtures with 
cement to sand ratio of 1. 
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Figure 3.8 Continued 
 
 
Based on these calculations, the water percentage trapped in the Cellulose Nanofibers are 0.2% to 5.66% 
for mixtures with cement to sand ratio of 0.5 and 0% to 11.6% for mixtures with cement to sand ratio of 
1. The reason for the difference of water entrapment percentages between two type of mixtures are 
unknown and needs further investigation. Some studies introduce a unique behavior of Cellulose Nano 
fibers. They claim that these fibers tend to cluster together within the mixture [10], [11]. Agglomeration 
of CNF can be a factor that causes reduction on the mortar’s workability. CNF clumps may prevent the 
mortar particles to roll on top of each other easily causing a mixture with lower workability. To support 
this explanation further studies are required. 
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3.2.2. Free Shrinkage 
The results of the free shrinkage test provided shrinkage of specimens for 4, 7, 14, 28, and 56 
days. Based on the free shrinkage graphs shown in Figures 3.2. there is an accidental relation between 
CNF percentage and the free shrinkage of the samples. Some of the mixtures show an increase in 
unrestrained shrinkage when the specimens age, some show a decrease in free shrinkage of samples with 
specific CNF percentages as they age. For example, it has been seen that mixtures with 0.2 % CNF have 
lower shrinkage or close to mixtures without CNF. But there are two graphs that show opposite results in 
Figure B.2 - A and Figure B.2 - E. (see Appendix B) Both of these graphs are results of mixtures with lower 
cement to sand ratio and therefore lower workability. As mentioned previously, low workability causes 
problems in distribution of CNF in the mortar mixture and produce unsystematic results, therefore further 
studies are required. In this project, the effects of CNF distribution are eliminated by using a high-speed 
shear mixer, which can blend CNF with the cement products mixture. Further information can be found 
in Chapter 4. 
Figure 3.4 shows the free shrinkage on each of the ages mentioned previously with respect to the 
CNF percentage. This figure shows unsystematic results for specimens tested after 14 days of curing, but 
there is no major change in free shrinkage between specimens with different CNF percentage for 4- and 
7-day specimens. This indicates that CNF has their major effect close to 14 days of curing. Previous studies 
on the effect of CNF on hydration percentage of the cement paste can shows the time of water release of 
CNF. When the hydration of mixtures including CNF is higher than the mixtures with no CNF, it can be 
concluded that the entrapped water has been released, causing extra cement hydration.  Hydration study 
by Mejdoub shows that in some mixtures the cement hydration increased from 23 % in 7-day specimens 
to 28% in 28 day specimens [14]. Mejdoub also mentions that the cement hydration increase is limited to 
8.3% after 7 days and 10% after 28 days [14]. The higher cement hydration in 28 days in comparison to 7 
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days indicates that the entrapped water is mostly released after the 7 days, as mentioned earlier in this 
project.  
3.2.3. Compressive Strength 
3.2.3.1. The Relation between CNF and Compressive Strength 
Previous study by Hosain Haddad Kolour on the compressive strength of cement paste specimens 
with different CNF percentage shows unsystematic results when CNF percentage of the mixture increases 
[12]. These results did not indicate a clear pattern. But the outcome of the Compressive strength test in 
this study shown in the previous graphs indicated a systematic relation between the amount of CNF and 
the compressive strength. By increasing the CNF percentage, the compressive strength decreased for all 
the mortar mixtures studied in this research. This reduction of compressive strength can be seen through 
the variety of water to cement ratio and cement to sand ratio.  
However, the outcome of this project, as shown in the Figures 3.5.1, is more systematic than the 
Kolour’s study. These figure shows a clear pattern between the results. The element that separated the 
experiments mentioned in this project from Kolour’s study is the added aggregate. Kolour’s studied 
cement paste behavior while this projects experimented on mortar. Aggregates influenced the mixture 
by spreading CNF more evenly through the mixture, resulting a systematic result [7]. Based on the figure 
3.5, the compressive strength decreases as the CNF increases. There are multiple factors affect the 
relation between CNF and compressive strength of a mixture. Even though CNFs increase the degree of 
hydration, which should increase the strength of the material [11], CNF also retains water therefore, 
prolongs the setting time. This action can lead to more anhydrate cement particles and reduction in 
strength. Also, as Jiao mentioned CNFs cluster and create weak spots in the specimens [11]. Some of the 
previous studies on CNFs claim that CNF tends to cluster, leaving the specimens with weak points [10], 
[11]. 
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 As the CNF percentage increases the number of the weak spots or their size increases, therefore 
the specimen’s compressive strength decreases. If CNF is distributed evenly in the matrix, agglomeration 
can decrease, so the size of the weak points may lessen.  To avoid this problem, a better blending can help 
to distribute the CNFs through the specimens. This can decrease the size or number of agglomeration and 
therefore have less reduction in the specimens’ strength. To test this hypothesis, the cement paste, and 
CNF were blended using a high-speed shear mixer which can distribute CNF better through the mixture, 
the details about this set of experiments can be found in Chapter 4.   
3.2.3.2. The Relation between CNF, Compressive Strength, and the Mortar’s Age 
Based on Figure B.8 and Figure B.9, the compressive strength increases in 28 days and 56 days 
for most specimens with higher water to cement ratios that include CNF as oppose to specimens 
without CNF. This phenomena can be the results of water release of CNF after 7 days of demolding the 
specimens. By studying the hydration of the curing specimens, Mejdoub suggests that the samples with 
the CNF have a higher hydration in 28 days of curing in comparison to 7 days of curing [14]. Since the 
mixtures with lower water to cement ratio did not show the same results, it can be concluded that these 
mixtures did not provide enough water for the fibers to absorb to release later. Lack of water after 7 
days left anhydrate cement particles uncured and resulted to a lower compressive strength. The same 
results were seen for mixtures with higher CNF percentage. This can be a sign that CNFs do not release 
all the water they retain, which suggests further studies are needed. 
3.2.3.3.  The Relation between CNF, Compressive Strength, and the Aggregates 
As mentioned previously, the two type of mixtures with different cement to sand ratio have the 
same trend. Both of these groups of mixtures experienced a reduction in their compressive strength as 
CNF percentage increases. The change of the compressive strength with respect to CNF percentage was 
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similar in mixes with cement to sand ratio of 0.5 and 1. To understand the similar behavior of mixtures 
with different cement to ratios, further studies are required.  
3.2.3.4. The Relation between CNF, Compressive Strength, and the W/C 
Since mixtures with lower water to cement ratios have a higher density of cement, they are 
expected to have higher compressive strength. However, in this project, a rise of compressive strength 
has been seen as the water to cement ratio of the mixture increases. This behavior has been only seen in 
specimens tested for 28 day of curing. This can be another indication that CNF releases water before or 
close to 28 days. It is also seen that the compressive strength drops when the specimens are tested in 
their 56 days of curing. This phenomena can be because of the voids produced by CNF after releasing the 
entrapped water. To test this hypothesis, further studies are required.  
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CHAPTER 4 
HIGH SPEED SHEAR MIXER 
 
4.1. Introduction 
Research suggest that CNFs have the tendency to cluster [11]. In some studies, the compressive 
strength of cement paste specimens with different percentages of CNF were tested [12]. These 
experiments showed unsystematic compressive strength results [12]. There was no clear pattern between 
the CNF percentages and the compressive strength [12]. There is reason to believe that this result was 
caused by the agglomeration of CNFs. To avoid this problem, CNF should be distributed evenly in the 
mixture. To test that hypothesis, this project added aggregates to the cement paste mixture to help with 
CNF dispersion. Based on the experiments mentioned in the previous chapter, the compressive strength 
test results indicated a clear pattern with the CNF percentages. For further investigation, this project 
tested cement paste with a high-speed shear mixer to better understand the CNF behavior, and test the 
previous hypothesis. In these tests, the aggregates were replaced with a different method of mixing to 
understand if they have the same results. So, the pattern found between the compressive strength and 
CNF percentages are the result of better dispersion and not the effect of aggregates. 
4.2. Apparatus and Method 
The mixer used in the experiments mentioned in this chapter is a high shear speed mixer, as 
shown in the Figure 4.1. This heavy-duty blender has a range of speed of 1700 to 18000 RPM.  For the 
compression strength tests, the same water to cement ratio of 0.4, 0.45, and 0.5 were used. Details can 
be found in Table A.2. Since the workability of cement mixture with these cement to water ratio were 
high, the flow table test would be inadequate. Therefore, lower cement to water ratios were chosen for 
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the workability test. The details of these mixtures can be found in the Table A.9, and all the mixtures in 
this chapter have the same CNF percentages of 0, 0.05, 0.1, and 0.2. 
To blend the mixtures, as mentioned before, prior to weighing the water and CNF slurry, the 
cement was weighed to reduce the water evaporation while mixing. After weighing all the components 
of the mixture, we set the blender jar filled with water and CNF slurry on the mixer and started mixing 
with the speed of 3330 RPM for 30 seconds. Next, the cement was added to the mixture and mixed for 30 
seconds with the speed of 4960 RPM. After scraping the cement paste for 15 seconds, the mixture was 
mixed for an extra 30 seconds with the same speed. The sequence of this process is shown in the Table 
A.10. 
Figure 4.1. High speed shear mixer. Image of high-speed shear mixer used in this chapter. 
 
4.3. Results 
4.3.1. Workability 
Workability of the cement paste was tested using the flow table test. The method used for the flow table 
test can be found in Chapter Three. These experiments and the graph shown in the Figure 4.2 indicates 
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similar pattern seen in the flow calculations of the cement paste mixed by a basic blender. The workability 
of cement paste decreases as the CNF percentages increase. However, the cement paste blended with 
the high-speed shear mixer is more workable than the cement paste that was blended with the basic 
mixer mentioned in Chapter Two. 
Figure 4.2. Flow percentage of cement paste mixed with different blenders. Graph of workability of 
cement paste mixed with high shear mixer and basic mixer. Extra details about this graph and the 
workability of other mixtures with higher water to cement ratios can be found in table A.9.  
 
Another noticeable difference between two mixtures with different mixing methods was their 
texture. The texture of cement paste was smoother than the cement paste blended with the basic 
blender, as shown in Figure 4.3. 
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Figure 4.3. Texture of cement paste with different mixing methods. A) cement paste blended using a basic 
mixer. B) cement paste blended using the high-speed shear mixer. 
   
 
4.3.2. Compressive strength 
Compressive strength of the specimens was tested with the same method explained in the 
previous chapter. As shown in the Figure 4.4, the graphs show the compressive strength with respect to 
CNF percentages. These graphs display a reduction of the compressive strength with the confidence of 
89.16% as the CNF percentages increase. In the curing process of the samples with the water to cement 
ratio of 0.5, bleeding was detected (see Figure 4.5.). This could be the reason for lower compressive 
strength of samples with water to cement ratio of 0.5 in comparison to other specimens.  
B A 
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Figure 4.4. Compressive strength of high-speed shear mixer. Graph of the compressive strength for 
water to cement ratio of 0.4 after A) the 7 days of curing. B) the 28 days of curing. 
 
 
Figure 4.5. Bleeding samples. Bleeding samples with the water to cement ratio of 0.5 after 1 day of curing. 
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4.4. Discussion 
4.3.1. Workability 
Based on the flow table test, the flow percentage of cement paste decreased when the CNF concentration 
of the mixture increased. This pattern was also found in the workability test on cement paste blended 
with the basic mixer, as shown in Table A.11 and the work of Ahmed [1]. However, the workability of 
cement paste mixed with the high-speed shear mixer was higher than the mixture blended with the basic 
mixer. This result shows that this mixer causes cement particles to blend better or causes less 
agglomeration of CNF mentioned by Jiao which might affect the workability as well. 
4.3.2. Compressive strength 
The results for the compressive strength test on the cement paste blended with the high-speed 
shear mixer showed the same behavior as the compressive strength test of the mortar. They both showed 
a clear pattern between the compressive strength and CNF percentages, unlike the cement paste with the 
basic mixing method. This suggests that the problem for the erratic compressive strength shown by Kolour 
[12] was due to inadequate dispersion of CNF through the cement paste. The similarity of the results of 
mortar and cement paste with the high-speed shear mixer as a blender shows that aggregates can 
increase the dispersion of CNF. This dispersion can reduce the agglomeration tendency of CNF. As Jiao 
explained, these agglomeration causes weak spots in the specimen causing the specimens to break at that 
spots [3]. Therefore, better dispersion resulted to a more systematic results. However, when the 
concentration of CNF increases in the mixture, there is less distance between each fiber, therefore they 
are more likely to cluster and break at lowed compressive pressure. This can be the reason for the 
decrease of compressive strength as the CNF percentage increases. 
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CHAPTER 5 
SUMMARY AND CONCLUSION 
A range of experiments were performed on mortar after adding CNF to the mixture. This was done 
to understand the effect of CNF on the mix and aggregate on the CNF dispersion through the mixture. 
These experiments tested the workability, shrinkage, and compressive strength of the different mixtures 
by changing the CNF percentage. Results of the same test for mixtures without aggregates were compared 
to these experiments. 
The results of the workability experiment on mortar showed a reduction of the flow percentage 
as the CNF increased. Earlier studies found the same pattern on cement paste [12]. The reduction of 
workability indicates that the water to cement ratio of the mixture decreased when CNF was added to the 
mixture. This can be caused by water entrapment of CNF. Based on the calculations mentioned in this 
study, the water entrapment of CNFs was 0.2% to 5.66% or 0% to 11.6% for mixtures with higher cement 
to sand ratio. To understand if the reduction of workability is due to inadequate mixing of CNF, the same 
flow table test was tested with the cement paste mixed with the high-speed shear mixer. The results 
showed that the mixture with better blend has the same pattern as the mixture with the basic mixing 
method. However, the mixture mixed with the high-speed shear mixer resulted to a more workable 
mixture as well as a smoother texture compared to the cement paste blended with the basic mixer.   
There was no clear pattern between the shrinkage and the CNF percentage according to these 
experiments. The unrestrained shrinkage test suggested by ASTM C490/C490M- 17 was chosen to test 
the shrinkage of the different specimens and the effect of CNF on them. In some cases, the CNF caused 
an increase in shrinkage while other cases showed otherwise [6]. This unsystematic result was not limited 
to the relationship between CNF and shrinkage. Most of the specimens showed a reduction in the 
shrinkage as the specimens aged, but some mixtures showed a major rise in shrinkage after 28 days. To 
understand this behavior, further studies are required. This project shows that the specimens that include 
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CNF, tested after 4, and 7 days has almost the same amount of shrinkage than specimens with zero CNF 
percentage. The effect of CNF was first seen after 14 days of curing. This can be caused by the release of 
entrapped water from the specimens. To understand this behavior of CNF and to find the exact time 
entrapped water released by CNF, further studies are required.  
Compressive strength tests on different mixtures of mortar including different CNF 
concentrations, led to the understanding of the effect of CNF and aggregates on the mixture. Based on 
Kolour’s research, there was no clear pattern between the compressive strength and CNF percentage [1]. 
These unsystematic results can be the reason for CNF agglomeration. As CNF clusters, it creates weak 
points in the specimens causing an early failure under compressive load [11]. To avoid this problem, CNF 
should be spreaded more evenly through the mixture. In this project, aggregates were added to the 
cement paste mixture to increase the blending quality. The compressive strength tests on the specimens 
showed a clear trend between the compressive strength and CNF percentage. As the CNF percentage 
increases, the compressive strength reduces. This systematic outcome is an indication that the aggregates 
affected the mixing process.  
To support this result, a different method of mixing was considered. By using a high-speed shear 
mixer, the same mixtures excluding the aggregates were tested. After testing the compressive strength of 
cement paste specimens that were mixed with the high-speed shear mixer, the results showed the same 
pattern as seen in the mortar mixed with the basic mixture. The compressive strength decreased by 
increasing the CNF concentration. Unlike the unsystematic results shown by Kolour [12], both aggregate 
and cement paste with a high-speed shear mixer had a clear trend. The reduction of compressive strength 
as CNF increases, can be the result of agglomeration of CNF as the CNF percentage increases. More CNF 
in the mixture can cause more weak spots in the specimens. Even though aggregates helped the CNF to 
disperse better, as the CNF percentage increases the effect of the better mixing methods are less effective. 
36 
 
Further studies on the compressive strength of the mortar specimens with a higher water to 
cement ratio showed a higher compressive strength in comparison to specimens without CNFs. This result 
was only seen in compressive strength of 28- or 56-day specimens. This result indicates that the release 
of entrapped water by the CNFs can be the reason of this rise in compressive strength. Therefore, most 
of the entrapped water is released between 7 to 28 days of curing. This explanation supports the study of 
Mejdoub which shows that cement hydration has increased in 28 days as CNF increased, in comparison 
to mixtures after 7 days of curing [14].   
As mentioned previously, aggregates had a great impact on the quality of the mixing process but 
based on this study they did not have a major effect on the compressive strength. Two different groups 
were studied. One of these groups contains a cement to sand ratio of 0.5, while the other group contains 
a ratio of 1. Each group is subdivided into four mixtures with 0%, 0.05%, 0.1%, and 0.2% CNF. The results 
of the compressive test for both groups showed the same trend. They both have a reduction in the 
compressive strength of the mortar’s mixture as the CNF percentage increases. To understand this 
behavior, further studies are required. 
Research showed an interesting behavior of the specimens tested on their 28 days of curing. 
Usually mixtures with higher water to cement ratios have lower compressive strength, since they have a 
lower density of cement. But the specimens tested on their 28 days of curing, showed the specimens with 
higher water to cement ratio have higher compressive strength. This can be caused by release of water 
entrapped by CNFs. The mixtures with a lower water to cement ratios cannot provide enough water for 
CNFs to entrap it, therefore less water is released and more anhydrate cement particles are left. This can 
also be another indication of the time of the release of entrapped water by CNFs.  
The increase of compressive strength with the rise of water to cement ratio is not seen in the 
specimens tested on their 56 days. The CNFs shrink after releasing the water, leaving voids in the 
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specimens [10]. After the 28 days there might be more release of water causing CNF to pass certain 
dimensions, leaving voids large enough to affect the compressive strength. These voids decrease the fiber- 
cement interface and cause a reduction in the compressive strength of the specimens [10]. Since CNFs 
release more water in specimens with higher water to cement ratios, they leave more voids as well. So, 
the compressive strength would not increase.  
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APPENDIX A: TABLES 
Table A.1. Details of the content of the mixtures. This table shows the cement, sand, and water portions 
of each batch experimented.  
Number W/C C/S 
Cement 
(gr) 
Sand 
(gr) 
Water 
(gr) 
CNF % 
CNF 
(gr) 
CNF 
slurry (gr) 
1 0.4 0.5 1000 3000 400 0 0 0 
2 0.4 1 2000 2000 800 0 0 0 
3 0.4 0.5 1500 3000 600 0.05 0.75 25 
4 0.4 1 2000 2000 800 0.05 1 33.33 
5 0.4 0.5 1500 3000 600 0.1 1.5 50 
6 0.4 1 2000 2000 800 0.1 2 66.67 
7 0.4 0.5 1500 3000 600 0.2 3 100 
8 0.4 1 2000 2000 800 0.2 4 133.33 
9 0.45 0.5 1500 3000 675 0 0 0 
10 0.45 1 2000 2000 900 0 0 0 
11 0.45 0.5 1500 3000 675 0.05 0.75 25 
12 0.45 1 2000 2000 900 0.05 1 33.33 
13 0.45 0.5 1500 3000 675 0.1 1.5 50 
14 0.45 1 2000 2000 900 0.1 2 66.67 
15 0.45 0.5 1500 3000 675 0.2 3 100 
16 0.45 1 2000 2000 900 0.2 4 133.33 
17 0.5 0.5 1500 3000 750 0 0 0 
18 0.5 1 2000 2000 1000 0 0 0 
19 0.5 0.5 1500 3000 750 0.05 0.75 25 
20 0.5 1 2000 2000 1000 0.05 1 33.33 
21 0.5 0.5 1500 3000 750 0.1 1.5 50 
22 0.5 1 2000 2000 1000 0.1 2 66.67 
23 0.5 0.5 1500 3000 750 0.2 3 100 
24 0.5 1 2000 2000 1000 0.2 4 133.33 
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Table A.2. Aggregate specifications. This table displays the outcome of the sieving analysis, showing the 
passing percentage of aggregate on each sieve. 
Standard 
Designation 
(mm) 
Sieve 
Size 
Percent 
Passing (%) 
0 0 100.00% 
0 0 100.00% 
0 0 100.00% 
0 0 100.00% 
0 0 100.00% 
0 0 100.00% 
19 3/4" 100.00% 
12.5 1/2" 100.00% 
9.5 3/8" 100.00% 
4.75 No. 4 99.87% 
2.36 No. 8 98.47% 
1.18 No. 16 83.08% 
0.6 No. 30 58.77% 
0.3 No. 50 31.4% 
0.15 No. 100 7.85% 
0.075 No. 200 2.09% 
 
Table A.3. Sequence of mixing with the basic mixer. This table shows the details of the mixing procedure.  
Material Time Speed (r/min) 
Water and CNF 3 min 95 
Sand, Water and CNF 2 min 60 
Scraping 15 secs - 
Sand, Water and CNF 4 min 115 
Cement, Sand, Water and CNF 2 min 60 
Scraping 15 secs - 
Cement, Sand, Water and CNF 4 min 115 
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 Table A.4. Result of flow table test of blends utilizing basic mixing method. This table shows the details 
of the flow table test.  
 
 
 
 
 
 
Flow table test 
No. 
Batch 
C/S W/C 
CNF 
(%) 
D1(mm) D2(mm) D3(mm) D4(mm) Average(mm) Flow (%) 
No. 
Drops 
1 0.5 0.4 0 165 155 165 160 161.25 65 - 
2 1 0.4 0 225 230 220 223 224.5 129 - 
3 0.5 0.4 0.05 145 150 145 145 146.25 49 - 
4 1 0.4 0.05 208 213 210 210 210.25 115 - 
5 0.5 0.4 0.1 140 138 143 135 139 42 - 
6 1 0.4 0.1 212 205 217 217 212.75 117 - 
7 0.5 0.4 0.2 138 145 143 138 141 44 - 
8 1 0.4 0.2 210 208 205 210 208.25 113 - 
9 0.5 0.45 0 185 190 195 190 190 94 - 
10 1 0.45 0 245 247 248 250 247.5 153 - 
11 0.5 0.45 0.05 190 187 183 190 187.5 91 - 
12 1 0.45 0.05 249 249 250 247 248.75 154 - 
13 0.5 0.45 0.1 186 184 184 185 184.75 89 - 
14 1 0.45 0.1 229 227 237 234 231.75 136 - 
15 0.5 0.45 0.2 185 183 180 182 182.5 86 - 
16 1 0.45 0.2 219 218 215 214 216.5 121 - 
17 0.5 0.5 0 214 217 218 210 214.75 119 - 
18 1 0.5 0 250 250 250 250 250 155 18 
19 0.5 0.5 0.05 217 217 214 209 214.25 119 - 
20 1 0.5 0.05 250 250 250 250 250 155 19 
21 0.5 0.5 0.1 209 213 213 212 211.75 116 - 
22 1 0.5 0.1 250 250 250 250 250 155 17 
23 0.5 0.5 0.2 209 211 213 211 211 115 - 
24 1 0.5 0.2 225 230 230 231 229 134 - 
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Table A.5. Result of free shrinkage test of blends utilizing basic mixing method. This table shows the 
details of the flow table test.  
No. W/C CNF % 
Average of (CDF_0-CDF/G) ×100 
Delta L 4 
day 
7 days 14 days 4 week 8 week 
1 0.4 0 0.008 0.015 0.016 0.017 0.016 
2 0.4 0 0.024 0.031 0.034 0.035 0.030 
3 0.4 0.05 0.006 0.012 0.019 0.019 0.018 
4 0.4 0.05 -0.004 0.035 0.047 0.059 0.077 
5 0.4 0.1 0.005 -0.002 0.017 0.031 0.032 
6 0.4 0.1 0.023 0.042 0.057 0.066 0.051 
7 0.4 0.2 0.013 0.019 0.024 0.036 0.031 
8 0.4 0.2 0.018 0.026 0.033 0.039 0.037 
9 0.45 0 0.014 0.022 0.031 0.035 0.038 
10 0.45 0 0.017 0.031 0.042 0.062 0.079 
11 0.45 0.05 0.015 0.023 0.034 0.044 0.056 
12 0.45 0.05 0.017 0.028 0.040 0.047 0.075 
13 0.45 0.1 0.017 0.022 0.031 0.036 0.032 
14 0.45 0.1 0.016 0.028 0.044 0.058 0.038 
15 0.45 0.2 0.013 0.015 0.021 0.034 0.035 
16 0.45 0.2 0.013 0.017 0.038 0.055 0.057 
17 0.5 0 0.008 0.004 0.017 0.020 0.046 
18 0.5 0 0.008 0.017 0.028 0.057 0.061 
19 0.5 0.05 0.008 0.013 0.024 0.036 0.033 
20 0.5 0.05 0.009 0.022 0.022 0.049 0.056 
21 0.5 0.1 0.006 0.011 0.022 0.025 0.028 
22 0.5 0.1 0.009 0.016 0.022 0.048 0.057 
23 0.5 0.2 0.005 0.011 0.018 0.029 0.052 
24 0.5 0.2 0.008 0.015 0.066 0.037 0.056 
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Table A.6. Results of the 7 days compressive strength. The table shows the details of the compressive 
strength test. 
7 days 
Batch Specimen W/C 
CNF 
% 
Weight 
(g) 
Peak 
(lb) 
Peak 
 (kN) 
Failure 
Mode 
Average 
Compressive 
strength(Mpa) L/D 
Density 
(kg/m^3) 
1 a 0.4 0 475.9 21650 96.33682 2 46.81845 2.01934 559.7 
1 b 0.4 0 484.6 23585 104.9471 2 50.94318 2.04901 560.7 
1 c 0.4 0 478.4 21375 95.11314 2 46.22375 2.04689 555.1 
2 a 0.4 0 457.9 21325 94.89065 5 46.14267 2.00528 542.8 
2 b 0.4 0 462.8 21545 95.86959 5 46.74651 2.01742 547.5 
2 c 0.4 0 462.3 21040 93.62248 3 45.5171 2.00215 548.7 
3 a 0.4 0.05 480.4 21550 95.89184 2 46.78482 2.01918 568.4 
3 b 0.4 0.05 478.7 22740 101.187 3 49.29108 2.00802 568.2 
3 c 0.4 0.05 475.2 21885 97.38251 2 47.44707 1.99628 567.5 
4 a 0.4 0.05 454.2 19660 87.48184 5 42.69837 1.99413 544.4 
4 b 0.4 0.05 440.2 21760 96.82629 3 47.15761 1.99491 525.7 
4 c 0.4 0.05 481.7 21630 96.24782 2 46.70217 2.00878 568.2 
5 a 0.4 0.1 447.7 20610 91.70909 2 44.4391 2.02946 521.6 
5 b 0.4 0.1 475.8 19145 85.19022 5 41.55546 2.02642 560.7 
5 c 0.4 0.1 475.1 20805 92.57679 2 45.17628 2.02682 560.1 
6 a 0.4 0.1 452.3 16750 74.5331 5 36.1303 2.00605 533.4 
6 b 0.4 0.1 452.7 20165 89.72896 5 43.70953 1.99785 540.0 
6 c 0.4 0.1 452.7 19850 88.32729 5 43.11102 2.0094 538.5 
7 a 0.4 0.2 466.9 16100 71.64077 5 34.7825 2.033 544.6 
7 b 0.4 0.2 468.4 17450 77.64792 5 37.68433 2.01913 549.8 
7 c 0.4 0.2 465.2 17575 78.20414 2 37.99135 2.01348 548.4 
8 a 0.4 0.2 443.2 16455 73.22043 5 35.53557 1.9795 530.6 
8 b 0.4 0.2 443.7 18600 82.76512 2 39.98027 1.99766 522.7 
8 c 0.4 0.2 443.2 17570 78.18189 5 37.94348 2.01132 522.2 
9 a 0.45 0 480 19645 87.41509 3 42.62405 2.03112 564.0 
9 b 0.45 0 479.2 18775 83.54382 5 40.52201 2.01796 562.3 
9 c 0.45 0 478.7 20345 90.52991 5 44.03937 2.02091 563.4 
10 a 0.45 0 456.7 16280 72.44173 5 34.88468 1.98503 538.9 
10 b 0.45 0 456.3 19550 86.99237 5 41.47919 1.97097 534.3 
10 c 0.45 0 455.2 17620 78.40438 2 37.91808 1.98733 540.0 
11 a 0.45 0.05 475.8 17535 78.02615 2 37.8605 2.01386 559.8 
11 b 0.45 0.05 478.9 17085 76.02377 5 36.68093 2.02278 556.2 
11 c 0.45 0.05 476 16060 71.46278 2 34.65547 2.02635 556.1 
12 a 0.45 0.05 452.4 19170 85.30147 3 41.14134 1.99513 532.4 
12 b 0.45 0.05 450.7 20720 92.19856 2 44.51115 1.96222 540.1 
12 c 0.45 0.05 452.5 19045 84.74525 3 41.3384 1.99139 542.7 
13 a 0.45 0.1 471.5 17935 79.80604 3 38.7847 2.00156 559.4 
13 b 0.45 0.1 469.3 16650 74.08813 2 35.88658 1.98927 557.5 
13 c 0.45 0.1 473.9 17360 77.24744 5 37.67363 2.02427 558.9 
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Table A.6. continued. 
14 a 0.45 0.1 451.2 17065 75.93477 5 36.93939 2.00606 534.9 
14 b 0.45 0.1 445.7 17040 75.82353 5 37.02264 1.97846 538.8 
14 c 0.45 0.1 445.3 16745 74.51085 3 36.16184 2.00508 526.3 
15 a 0.45 0.2 462.8 15405 68.54821 2 33.04829 2.00642 541.3 
15 b 0.45 0.2 459.6 15240 67.814 5 32.36598 1.97406 538.1 
15 c 0.45 0.2 463.1 15410 68.57046 3 33.25934 1.99961 548.4 
16 a 0.45 0.2 438.9 14855 66.10085 5 31.75705 1.98407 516.4 
16 b 0.45 0.2 440.9 14130 62.87479 3 30.43729 1.98128 525.4 
16 c 0.45 0.2 436.9 14750 65.63363 5 31.90956 1.97831 524.8 
17 a 0.5 0 469.5 14520 64.61019 2 30.96865 2.00254 554.8 
17 b 0.5 0 469.4 17790 79.16083 2 38.61434 1.98963 563.4 
17 c 0.5 0 466.9 16680 74.22162 3 36.0285 1.99961 553.6 
18 a 0.5 0 439.7 14790 65.81162 5 32.03364 1.97556 529.8 
18 b 0.5 0 441 15005 66.76831 5 32.2529 1.96026 529.5 
18 c 0.5 0 441.4 17115 76.15726 3 36.08207 1.93383 521.8 
19 a 0.5 0.05 468.7 17130 76.224 5 37.01495 1.99668 556.8 
19 b 0.5 0.05 468.5 15560 69.23792 2 33.49151 1.98928 555.4 
19 c 0.5 0.05 467.8 16745 74.51085 5 35.77664 1.99476 546.9 
20 a 0.5 0.05 439.2 13195 58.71429 2 28.40659 1.97096 525.7 
20 b 0.5 0.05 437.6 14321 63.72469 5 30.53829 1.95189 521.4 
20 c 0.5 0.05 436.5 15615 69.48265 5 33.88673 1.96673 529.9 
21 a 0.5 0.1 466.5 15215 67.70276 2 32.74255 2.00565 548.4 
21 b 0.5 0.1 465.1 15705 69.88313 3 33.62641 2.00739 542.1 
21 c 0.5 0.1 465.9 15395 68.50371 2 33.33749 2.01193 551.1 
22 a 0.5 0.1 437.4 14795 65.83387 3 31.8325 1.97408 522.2 
22 b 0.5 0.1 435.9 14960 66.56807 5 32.02505 1.95004 522.9 
22 c 0.5 0.1 439.1 12350 54.95426 5 26.61858 1.97035 526.6 
23 a 0.5 0.2 441.9 14395 64.05397 5 30.83352 1.98989 519.9 
23 b 0.5 0.2 442.6 12055 53.64159 5 25.58202 1.9611 521.0 
23 c 0.5 0.2 434.5 14600 64.96617 5 31.26654 1.96228 518.2 
24 a 0.5 0.2 430.5 11325 50.39328 5 24.36655 1.96492 516.4 
24 b 0.5 0.2 429.1 12855 57.20138 5 27.19543 1.9457 506.8 
24 C 0.5 0.2 424.7 13170 58.60304 2 28.40812 1.94946 515.4 
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Table A.7. Results of the 28 days compressive strength. The table shows the details of the compressive 
strength test. 
7 Days 
Batch Specimen W/C CNF 
% 
Weight 
(g) 
Peak 
(lb) 
Peak 
(kN) 
Failure 
Mode 
Average 
Compressive 
strength(Mpa) 
L/D Density(kg/m^3) 
1 a 0.4 0 481.2 25020 111332.4 2 53.87431 2.03 558.4 
1 b 0.4 0 484.2 26055 115937.9 2 56.43249 2.05 561.9 
1 c 0.4 0 483.3 24655 109708.3 2 52.98503 2.05 555.9 
2 a 0.4 0 458.7 14540 64699.18 5 31.0776 1.98 540.6 
2 b 0.4 0 457.9 22140 98517.19 2 47.15673 1.99 533.3 
2 c 0.4 0 461.3 23660 105280.8 5 50.15083 2.00 531.8 
3 a 0.4 0.05 467.7 21985 97827.48 3 47.78531 2.04 549.9 
3 b 0.4 0.05 468.7 20820 92643.54 2 45.00597 2.02 550.4 
3 c 0.4 0.05 468 20635 91820.33 2 44.56253 2.02 550.4 
4 a 0.4 0.05 443.8 22265 99073.41 5 48.33708 2.01 528.5 
4 b 0.4 0.05 447.2 20365 90618.9 5 43.7741 2.01 524.4 
4 c 0.4 0.05 444.9 21020 93533.48 2 45.3851 2.03 519.6 
5 a 0.4 0.1 450 22790 101409.5 2 48.6855 2.00 524.4 
5 b 0.4 0.1 475.2 24935 110954.2 2 53.3467 2.01 553.6 
5 c 0.4 0.1 476.2 22980 102255 3 49.40768 2.02 556.2 
6 a 0.4 0.1 453.7 25040 111421.4 5 53.99693 1.99 539.0 
6 b 0.4 0.1 453.7 24395 108551.3 5 52.68433 2.01 534.4 
6 c 0.4 0.1 456.7 22160 98606.18 5 47.527 1.99 538.2 
7 a 0.4 0.2 479.5 24510 109063.1 2 53.11733 2.02 566.5 
7 b 0.4 0.2 483.6 24765 110197.7 3 53.55468 2.03 564.8 
7 c 0.4 0.2 480 24655 109708.3 2 53.17127 2.02 562.9 
8 a 0.4 0.2 456.3 24030 106927.2 3 51.88411 2.01 538.7 
8 b 0.4 0.2 441.7 25855 115048 3 55.68313 2.00 520.5 
8 c 0.4 0.2 458.1 23440 104301.8 5 50.42302 2.01 536.9 
9 a 0.45 0 477.3 22430 99807.61 2 48.29683 2.00 562.8 
9 b 0.45 0 474.4 20455 91019.38 2 40.32792 1.93 509.3 
9 c 0.45 0 474.2 25405 113045.6 2 54.97456 1.99 566.6 
10 a 0.45 0 453.6 20680 92020.57 5 44.66128 1.99 541.4 
10 b 0.45 0 450.7 21030 93577.98 2 41.07143 1.87 490.5 
10 c 0.45 0 453.7 20585 91597.85 2 44.32413 1.98 540.2 
11 a 0.45 0.05 476.2 20985 93377.74 3 45.70447 2.02 565.5 
11 b 0.45 0.05 471.7 22505 100141.3 5 48.77177 2.00 562.9 
11 c 0.45 0.05 471.9 20335 90485.41 2 44.0253 2.01 559.0 
12 a 0.45 0.05 450.9 22020 97983.22 2 47.57878 1.98 540.5 
12 b 0.45 0.05 449.7 18050 80317.76 2 39.23396 1.99 540.3 
12 c 0.45 0.05 452.6 17835 79361.07 5 38.63198 1.98 542.9 
13 a 0.45 0.1 466.9 22055 98138.96 3 47.98707 2.01 556.2 
13 b 0.45 0.1 469.4 20545 91419.86 2 44.59058 2.01 556.8 
13 c 0.45 0.1 467.8 18645 82965.36 2 40.14688 2.00 551.4 
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Table A.7. continued. 
14 a 0.45 0.1 446.5 20110 89484.22 2 43.45183 1.98 535.2 
14 b 0.45 0.1 445 18470 82186.65 3 40.10697 1.97 540.2 
14 c 0.45 0.1 444.8 21865 97293.51 3 47.36126 1.99 532.9 
15 a 0.45 0.2 465.2 17955 79895.04 2 38.45142 2.01 542.0 
15 b 0.45 0.2 464.4 17590 78270.88 2 38.29122 2.01 553.1 
15 c 0.45 0.2 465.1 17665 78604.61 3 38.37802 2.03 547.3 
16 a 0.45 0.2 439 18620 82854.11 2 40.51323 1.97 533.0 
16 b 0.45 0.2 438.4 19120 85078.98 2 41.53907 1.98 530.4 
16 c 0.45 0.2 437.2 17630 78448.87 3 38.34011 1.97 530.7 
17 a 0.5 0 102.21 21450 95446.87 3 46.62429 0.08 3103.4 
17 b 0.5 0 101.803 20410 90819.14 3 44.20962 0.08 3092.7 
17 c 0.5 0 102.413 19560 87036.87 5 42.55847 0.08 3106.5 
18 a 0.5 0 448 20085 89372.98 2 43.32401 1.96 540.4 
18 b 0.5 0 444.2 19925 88661.02 2 42.5461 1.96 527.3 
18 c 0.5 0 440.5 22155 98583.93 2 47.8918 1.97 529.5 
19 a 0.5 0.05 468 19485 86703.14 3 42.16955 2.01 554.3 
19 b 0.5 0.05 466 18380 81786.18 3 39.68497 2.01 549.2 
19 c 0.5 0.05 466 19225 85546.2 5 41.55811 1.99 556.7 
20 a 0.5 0.05 438.8 16885 75133.82 3 36.30099 1.97 525.0 
20 b 0.5 0.05 439.8 18885 84033.29 2 40.76738 2.00 521.7 
20 c 0.5 0.05 443.3 18540 82498.13 3 39.96799 1.99 527.3 
21 a 0.5 0.1 467.4 17430 77558.92 2 37.69263 2.01 552.7 
21 b 0.5 0.1 466 17990 80050.78 2 38.85808 2.02 547.7 
21 c 0.5 0.1 466.4 19750 87882.32 2 42.46871 2.01 545.7 
22 a 0.5 0.1 434.6 17870 79516.81 2 38.7349 1.97 525.3 
22 b 0.5 0.1 438.7 18800 83655.07 3 40.72686 1.98 528.9 
22 c 0.5 0.1 439 17745 78960.59 3 38.479 1.97 532.4 
23 a 0.5 0.2 437.3 19670 87526.34 5 42.6616 1.97 529.4 
23 b 0.5 0.2 441 16775 74644.35 2 36.2337 1.98 529.0 
23 c 0.5 0.2 442 19540 86947.87 3 42.25554 2.01 522.8 
24 a 0.5 0.2 430.3 15280 67991.99 2 32.86321 1.97 514.1 
24 b 0.5 0.2 430.6 14605 64988.42 2 31.71351 1.99 517.1 
24 c 0.5 0.2 432.9 15235 67791.75 3 32.80476 1.97 517.7 
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Table A.8. Results of the 56 days compressive strength. The table shows the compressive strength test. 
28 days 
Batch Specimen W/C CNF 
% 
Weight 
(g) 
Peak 
(lb) 
Peak 
(kN) 
Failure 
Mode 
Average 
Compressive 
strength(Mpa) 
L/D Density 
(kg/m^3) 
1 a 0.4 0 483.2 27520 122456.8 2 59.69888 2.05 562.7 
1 b 0.4 0 479.7 27765 123547 2 59.9719 2.03 561.4 
1 c 0.4 0 476.7 25930 115381.7 2 55.87734 2.01 561.7 
2 a 0.4 0 462.5 22835 101609.8 2 49.34246 1.99 550.9 
2 b 0.4 0 462 25835 114959 2 56.12047 2.02 547.3 
2 c 0.4 0 459.2 24355 108373.4 2 52.61664 2.00 544.6 
3 a 0.4 0.05 470.3 22530 100252.6 1 48.9603 2.03 555.3 
3 b 0.4 0.05 470.3 22255 99028.91 1 48.30591 2.04 550.7 
3 c 0.4 0.05 470.2 19585 87148.11 1 42.1714 2.02 548.1 
4 a 0.4 0.05 444.6 20945 93199.75 5 45.34701 2.02 523.6 
4 b 0.4 0.05 443.8 23310 103723.4 2 49.29448 1.99 512.3 
4 c 0.4 0.05 448.6 24625 109574.8 4 53.51298 2.01 533.2 
5 a 0.4 0.1 475.3 25610 113957.8 2 55.52293 2.01 562.4 
5 b 0.4 0.1 477.2 24755 110153.3 5 53.5226 2.02 561.1 
5 c 0.4 0.1 475 24410 108618.1 2 52.90061 2.02 561.2 
6 a 0.4 0.1 457.2 25035 111399.2 2 53.81215 2.00 538.7 
6 b 0.4 0.1 454.8 24805 110375.7 2 53.73562 2.02 535.0 
6 c 0.4 0.1 456.8 24510 109063.1 2 53.26307 2.02 542.2 
7 a 0.4 0.2 474.6 26815 119319.7 5 58.39784 2.01 566.7 
7 b 0.4 0.2 479.3 27485 122301 2 59.71639 2.01 569.3 
7 c 0.4 0.2 458.2 27590 122768.3 2 59.32718 2.00 538.4 
8 a 0.4 0.2 457.7 25930 115381.7 2 56.28274 2.00 545.9 
8 b 0.4 0.2 456.6 25615 113980 2 55.45781 2.00 544.1 
8 c 0.4 0.2 456.5 24660 109730.5 2 53.47378 1.99 546.2 
9 a 0.45 0 476.8 23540 104746.8 2 50.75675 2.01 562.0 
9 b 0.45 0 476.9 26520 118007 2 57.4621 2.00 567.0 
9 c 0.45 0 479.2 22365 99518.38 2 48.67798 2.01 571.5 
10 a 0.45 0 455.3 20870 92866.02 2 45.31742 1.98 548.5 
10 b 0.45 0 455.7 23075 102677.7 2 50.00744 1.99 544.6 
10 c 0.45 0 455.2 25785 114736.5 2 55.72778 1.99 544.0 
11 a 0.45 0.05 473.6 21785 96937.53 2 47.37844 2.01 564.2 
11 b 0.45 0.05 472.7 19580 87125.86 1 42.19353 2.01 556.1 
11 c 0.45 0.05 475.3 24345 108328.9 2 52.64642 2.00 563.3 
12 a 0.45 0.05 449.1 21085 93822.72 2 45.65012 1.97 542.5 
12 b 0.45 0.05 452.1 25640 114091.3 2 55.43605 1.99 540.0 
12 c 0.45 0.05 453 22840 101632 1 49.29548 1.97 543.8 
13 a 0.45 0.1 472 21335 94935.15 2 45.9844 2.00 558.3 
13 b 0.45 0.1 474.5 20560 91486.6 2 44.44394 2.02 557.3 
13 c 0.45 0.1 470.2 21295 94757.16 2 46.07776 2.00 558.0 
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Table A.8. continued. 
14 a 0.45 0.1 442.5 22360 99496.13 1 48.67663 1.99 534.6 
14 b 0.45 0.1 445.1 22455 99918.86 2 48.70189 1.98 537.0 
14 c 0.45 0.1 446.4 22845 101654.3 2 49.48963 1.98 538.0 
15 a 0.45 0.2 463.3 20090 89395.23 2 43.4704 2.01 546.7 
15 b 0.45 0.2 469.2 20790 92510.04 5 45.16139 2.01 557.3 
15 c 0.45 0.2 465 21460 95491.37 2 46.6442 2.02 549.6 
16 a 0.45 0.2 435.9 19285 85813.19 2 41.65526 1.96 526.6 
16 b 0.45 0.2 438.7 19605 87237.1 2 42.38782 1.98 525.8 
16 c 0.45 0.2 442 20415 90841.39 2 44.34679 1.98 534.0 
17 a 0.5 0 469.5 14520 64610.19 2 31.32623 2.00 554.8 
17 b 0.5 0 469.4 17790 79160.83 2 38.61434 198.96 5.6 
17 c 0.5 0 466.9 16680 74221.62 3 36.0285 2.00 553.6 
18 a 0.5 0 439.7 14790 65811.62 5 32.03364 1.98 529.8 
18 b 0.5 0 441 15005 66768.31 5 32.2529 1.96 529.5 
18 c 0.5 0 441.4 17115 76157.26 3 36.08207 1.93 521.8 
19 a 0.5 0.05 468.7 17130 76224 5 37.01495 2.00 556.8 
19 b 0.5 0.05 468.5 15560 69237.92 2 33.49151 1.99 555.4 
19 c 0.5 0.05 467.8 16745 74510.85 5 35.77664 1.99 546.9 
20 a 0.5 0.05 439.2 13195 58714.29 2 28.40659 1.97 525.7 
20 b 0.5 0.05 437.6 14321 63724.69 5 30.53829 1.95 521.4 
20 c 0.5 0.05 436.5 15615 69482.65 5 33.88673 1.97 529.9 
21 a 0.5 0.1 466.5 15215 67702.76 2 32.74255 2.01 548.4 
21 b 0.5 0.1 465.1 15705 69883.13 3 33.62641 2.01 542.1 
21 c 0.5 0.1 465.9 15395 68503.71 2 33.33749 2.01 551.1 
22 a 0.5 0.1 437.4 14795 65833.87 3 31.8325 1.97 522.2 
22 b 0.5 0.1 435.9 14960 66568.07 5 32.02505 1.95 522.9 
22 c 0.5 0.1 439.1 12350 54954.26 5 26.61858 1.97 526.6 
23 a 0.5 0.2 441.9 14395 64053.97 5 30.83352 1.99 519.9 
23 b 0.5 0.2 442.6 12055 53641.59 5 25.58202 1.96 521.0 
23 c 0.5 0.2 434.5 14600 64966.17 5 31.26654 1.96 518.2 
24 a 0.5 0.2 430.5 11325 50393.28 5 24.36655 1.96 516.4 
24 b 0.5 0.2 429.1 12855 57201.38 5 27.19543 1.95 506.8 
24 c 0.5 0.2 424.7 13170 58603.04 2 28.40812 1.95 515.4 
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Table A.9. Table of the flow table properties utilizing high speed shear mixer. This table shows the 
details of the flow table test.  
Flow Table- high speed shear mixer 
Batch 
Number W/C Cement(g) Water(g) CNF 
CNF 
slurry(g) D1(cm) D2(cm) D3(cm) D4(cm) 
Number 
of drops 
1 0.3 1500 450 0 0 23.5 23 22.8 23.2 - 
2 0.3 1500 450 0.05 25 21.8 22 21.8 21.3 - 
3 0.3 1500 450 0.1 50 20.6 21 21.2 20.9 - 
4 0.3 1500 450 0.2 100 18.6 18.5 18.4 19.2 - 
5 0.35 1000 350 0 0 - - - - 19 
6 0.35 1200 420 0.05 20 - - - - 22 
7 0.35 1200 420 0.1 40 23.6 24.3 23.5 24.4 - 
8 0.35 1200 420 0.2 80 19.8 20.7 20.2 20.4  
9 0.4 1200 0 480 0 - - - - 6 
10 0.4 1200 0.05 480 20 - - - - 13 
11 0.4 1200 0.1 480 40 - - - - 18 
12 0.4 1200 0.2 480 80 22.9 22.6 23.3 22.6 - 
 
Table A.10. Sequence of mixing with the high-speed shear mixer. This table shows the details of the mixing 
procedure. 
Material Time Speed (r/min) 
Water and CNF 30 sec 3330 
cement, Water and CNF 30 sec 4960 
Scraping 15 secs - 
cement, Water and CNF 30 sec 4960 
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Table A.11. Results of the flow table test for cement paste utilizing the basic mixture. This table shows 
the details of the flow table test.  
Flow Table- Basic mixer 
Batch 
Number W/C 
Cement 
(g) CNF D1(cm) D2(cm) D3(cm) D4(cm) Average 
Base 
(mm) A 
flow 
% 
1 0.3 1500 0 22 22.3 22.1 21.9 220.75 98 122.75 125 
2 0.3 1500 0.05 21.1 21.2 21.5 21.8 214 98 116 118 
3 0.3 1500 0.1 20.2 20.5 20.5 20 203 98 105 107 
4 0.3 1500 0.2 19.2 19.8 19.8 19.9 196.75 98 98.75 101 
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APPENDIX B: FIGURES 
Figure B.1 Flow percentage graphs using a basic mixer. Graph of flow percentage for A) water to cement 
ratio of 0.4 and the cement to sand ratio of 0.5. B) water to cement ratio of 0.4 and the cement to sand 
ratio of 1.C) water to cement ratio of 0.45 and the cement to sand ratio of 0.5. D) water to cement ratio 
of 0.45 and the cement to sand ratio of 1. E) water to cement ratio of 0.5 and the cement to sand ratio of 
0.5. 
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Figure B.1 Continued 
 
 
Figure B.2 Free shrinkage graph with respect of age of specimens. This graph shows the change of 
length of the specimens based on aging specimens with A) water to cement ratio of 0.4, and cement to 
sand ratio of 0.5. B) water to cement ratio of 0.4, and cement to sand ratio of 1. C) water to cement ratio 
of 0.45, and cement to sand ratio of 0.5. D) water to cement ratio of 0.45, and cement to sand ratio of 1. 
E) water to cement ratio of 0.5, and cement to sand ratio of 0.5. F) water to cement ratio of 0.5, and 
cement to sand ratio of 1. 
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Figure B.2 Continued 
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Figure B.2 Continued 
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Figure B.2 Continued 
 
 
 
Figure B.3 Free shrinkage graph with respect to CNF percentage. This graph shows the change of 
length of the specimens based on CNF percentage. These specimens have A) water to cement ratio of 0.4, 
and cement to sand ratio of 0.5. B) water to cement ratio of 0.45, and cement to sand ratio of 0.5. C) 
water to cement ratio of 0.5, and cement to sand ratio of 0.5. D) water to cement ratio of 0.4, and cement 
to sand ratio of 1. E) water to cement ratio of 0.45, and cement to sand ratio of 1. F) water to cement ratio 
of 0.5, and cement to sand ratio of 1. 
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Figure B.3 Continued 
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Figure B.3 Continued 
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Figure B.3 Continued 
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Figure B.4 The 7 days compressive strength graphs with respect to CNF percentage. Graph of  7 
days compressive strength for A) water to cement ratio of 0.4, and cement to sand ratio of 0.5. B) water 
to cement ratio of 0.4, and cement to sand ratio of 1. C) water to cement ratio of 0.45, and cement to 
sand ratio of 0.5. D) water to cement ratio of 0.45, and cement to sand ratio of 1. E) water to cement ratio 
of 0.5, and cement to sand ratio of 0.5. F) water to cement ratio of 0.5, and cement to sand ratio of 1. 
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Figure B.4 Continued 
 
 
Figure B.5 The 28 days compressive strength graphs with respect to CNF percentage. Graph of 28 
days compressive strength for A) water to cement ratio of 0.4, and cement to sand ratio of 0.5. B) water 
to cement ratio of 0.4, and cement to sand ratio of 1. C) water to cement ratio of 0.45, and cement to 
sand ratio of 0.5. D) water to cement ratio of 0.45, and cement to sand ratio of 1. E) water to cement ratio 
of 0.5, and cement to sand ratio of 0.5. F) water to cement ratio of 0.5, and cement to sand ratio of 1. 
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Figure B.5 Continued 
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Figure B.6 The 56 days compressive strength graphs with respect to CNF percentage. Graph of 56 
days compressive strength for A) water to cement ratio of 0.4, and cement to sand ratio of 0.5. B) water 
to cement ratio of 0.4, and cement to sand ratio of 1. C) water to cement ratio of 0.45, and cement to 
sand ratio of 0.5. D) water to cement ratio of 0.45, and cement to sand ratio of 1. E) water to cement ratio 
of 0.5, and cement to sand ratio of 0.5. F) water to cement ratio of 0.5, and cement to sand ratio of 1. 
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Figure B.6 Continued 
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Figure B.7 The 7 days compressive strength graphs with respect to W/C. This graph shows the 
compressive strength of specimens with different CNF percentage with respect to water to cement ratio. 
Graph of 7 days compressive strength for A) water to cement ratio of 0.4, and cement to sand ratio of 0.5. 
B) water to cement ratio of 0.4, and cement to sand ratio of 1. C) water to cement ratio of 0.45, and 
cement to sand ratio of 0.5. D) water to cement ratio of 0.45, and cement to sand ratio of 1. E) water to 
cement ratio of 0.5, and cement to sand ratio of 0.5. F) water to cement ratio of 0.5, and cement to sand 
ratio of 1. 
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Figure B.7 Continued 
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Figure B.8 The 28 days compressive strength graphs with respect to W/C. Graph of 28 days 
compressive strength for A) water to cement ratio of 0.4, and cement to sand ratio of 0.5. B) water to 
cement ratio of 0.4, and cement to sand ratio of 1. C) water to cement ratio of 0.45, and cement to sand 
ratio of 0.5. D) water to cement ratio of 0.45, and cement to sand ratio of 1. E) water to cement ratio of 
0.5, and cement to sand ratio of 0.5. F) water to cement ratio of 0.5, and cement to sand ratio of 1. 
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Figure B.8 Continued 
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Figure B.9 The 56 days compressive strength graphs with respect to W/C. Graph of 56 days 
compressive strength for A) water to cement ratio of 0.4, and cement to sand ratio of 0.5. B) water to 
cement ratio of 0.4, and cement to sand ratio of 1. C) water to cement ratio of 0.45, and cement to sand 
ratio of 0.5. D) water to cement ratio of 0.45, and cement to sand ratio of 1. E) water to cement ratio of 
0.5, and cement to sand ratio of 0.5. F) water to cement ratio of 0.5, and cement to sand ratio of 1. 
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Figure B.9 Continued 
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Figure B.10 Compressive strength of high-speed shear mixer. Graph of A) 7 days compressive 
strength for water to cement ratio of 0.4. B) 28 days compressive strength for water to cement ratio of 
0.4. C) 7 days compressive strength for water to cement ratio of 0.45. D) 28 days compressive strength 
for water to cement ratio of 0.45. E) 7 days compressive strength for water to cement ratio of 0.5. F) 28 
days compressive strength for water to cement ratio of 0.5. 
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Figure B.10 Continued 
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